VRB Transition Module (VTM-II)

Features

Converts serial optical datato 20-bit TTL parallel data

Four 1.5 Gb/sec(max.) serial optical inputsw/ ST connectors
Single Width 9U x 120mm VIPA Transition Module

Conformsto VMEG4x/VIPA , 9U x 400 Format VITA 1.3, Draft .7
Monitor & Control provided by one microcontroller per channd to:
Monitor Optical Power of each channel

Moitor signal detect of optical device

Reset individual HP Glink devices

Inhibit switching of output data buffers

Extensive use of pi filters, ferrite beads to reduce switching noise
14 layer pc board w/ 6-layers ground plane to:

provide 50-ohm gtriplines for all high speed signals

Minimize channel-to-channel cross-talk

Description

The VRB Transition Module (VTM-II) is basically a high speed
serial to paralld converter incorporating four 1.5Ghit/s(max)
serial optical recelver channds on a single width 9U x 120mm
standard module (VITA 1.3, draft .7). This module was
specifically designed to provide a replaceable optical front-end for
the VME Readout Module (VRB) to ease its real estate burden.
The VTM-II user inputs to this module is via front pand optical
ST connectors. The input optical data is received and converted
to a differential ECL data stream by a Finisar FRM-8510 device.
The seriad bit stream output of the Finisar device is then
converted to 20-hit parallel data word by Hewlett Packardss TTL
G-Link chip (part# HMP-1024). Each of the four 20-bit parallél
TTL data channels is presented to the P5/P6 VME connector for
input to the VRB. Also, the VTM-II has an 8-pinmicrocontroller
per channd to provide minimal control and monitoring functions
(example: optical receiver power, signal detect and channel reset
commands). Extensive use of high speed techniques were incorporated into the pc board (ferrite beads, pi
filtersand stripline vs typical microstrip lines)




The VRB Transition Module (VTM-II) incorporates four optical channes of Finisar's 1.5-Ghit/s
receivers (FRM-8510, see datasheet in appendix 1) and Hewlett Packard’'s TTL G-Link receiver chip
(part# HDMP-1024, see datasheet in appendix 2) on a VIPA Standard rear mounted transition module.
This module was designed to ease the real estate burden of the VME Readout Buffer (VRB) and to
provide system maintainability on an easily replaceable optical interface card. Approximately 300 of the
VTMswill beingtalled for the SVX project in both the CDF and DO experiments at Fermilab.

The VTM-II is an enhanced verson of the Fermilab designed VTM (see section on history) which
implements the TTL G-link (HDMP-1024) from Hewlet Packard. The VTM-II retains the Fermilab's
original VTM design implementing the low power data buffers, the power/ground plane layout and the
extensive use of ferrite beads (to form pi filters) on the power to each device; all concepts which have
been positively demonstrated to reduce error rates. A block diagram of the VTM-II is shown in figure 1.
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Figurel. Block Diagram of VTM-II

Front Pandl Indicators

The VTM has several LEDs on its front pand to indicate the status of the optical input (is the cable
plugged in?), +5v power and the jumper options. The LED just below the ST optical connector indicates
the input is recelving an optical signal (when LED is on). The LED just above the center front pane
mounting screw indicates the +5.0v power is present (LED on). The top two LEDs just below the center



mounting screw indicates the status of the pc board frequency sdlection jumpers as shown in the
following table.

DIV1 [ DIVO [ DIV1 | DIVO | Frequency Range
J6 |7 |LED |LED
IN IN  OFF OFF 630.0— 1250 Mhz (default)
IN OUT OFF ON  316.7- 1067 Mhz
OUT IN ON OFF 158.0-533.0Mhz
OUT OUT ON ON 1250-267.0 Mhz

Table 1.

Thethird LED down fron the center front panle mounting screw indicates the status of the pc board word
sdection jumper (JP3). If 20 bit mode is selected the jumper is out (default setting) and the LED is on.
For 16 bit mode the the jumper isin and the LED is on.



J3 Connector Pin Assignments

PIN ROW E ROW D ROW C ROW B ROW A

1 L2 _DO GND sC GND LO DO

2 L2 D1 L2 D2 sc L0 D2 L0 D1

3 GND L2 D3 sC LO D3 GND

4 L2 D5 L2 D4 sc L0 D4 L0 D5

5 L2 D6 GND sC GND LO D6

6 L2 D7 L2 D8 s L0 D8 L0 D7

7 GND L2 D9 sC LO D9 GND

3 L2 D11 L2 D10 s L0 D10 L0 D11

9 L2 D12 GND sc GND LO D12

10 L2 D13 L2 D14 sc L0 D14 L0 D13

11 GND L2 D15 sc L0 D15 GND

12 L2 D16 L2 D16 sc LO D16 LO D16

13 L2 D17 GND sc GND LO D17

14 L2 D17 L2 D18 s L0 D18 L0 D17

15 GND L2 D18 sC L0 D18 GND

16 L2 D19 L2 D19 s L0 D19 L0 D19

17 L2 CAV* GND sC GND LO CAV*

18 L2 DAV* L2 LNKRDY* sC LO LNKRDY* |LO DAV*

19 GND L2 LNKRDY* sC LO LNKRDY* |GND

20 L2 _STRBOUT GND sc GND L0 STRBOUT

21 L2 Rx Sig Det [L2 ERROR s L0 ERROR LO Rx Sig Det

22 GND L2 _ERROR sC L0 _ERROR GND

23 GND GND sC GND GND

24 GND GND sC GND GND

25 GND GND sC GND GND

26 L3 CAV* GND sC GND L1 CAV*

27 L3 DAV* L3 LNKRDY* sC L1 LNKRDY* |L1 DAV*

28 GND L3 LNKRDY* sc L1 LNKRDY* |GND

29 L3 _STRBOUT GND sC GND L1 STRBOUT

30 L3 Rx Sig Det |L3 ERROR s L1 ERROR L1 Rx Sig Det

31 GND L3 _ERROR sC L1 ERROR GND

32 L3 DO GND sC GND L1 DO

33 L3 D1 L3 D2 L1 D2 L1 D1

34 GND L3 D3 L1 D3 GND

35 L3 D5 L3 D4 L1 D4 L1 D5

36 L3 D6 GND GND GND L1 D6

37 L3 D7 L3 D8 GND L1 D8 L1 D7

38 GND L3 D9 GND L1 D9 GND

39 L3 D11 L3 D10 GND L1 D10 L1 D11

40 L3 D12 GND GND GND L1 D12

41 L3 D13 L3 D14 L1 D14 L1 D13

42 GND L3 D15 L1 D15 GND

43 L3 D16 L3 D16 L1 D16 L1 D16

44 L3 D17 GND GND L1 D17

45 L3 D17 L3 D18 SERIAL L1 D18 L1 D17

46 GND L3 D18 RESET* L1 D18 GND

47 L3 D19 L3 D19 MODID L1 D19 L1 D19
Table 2.

VTM Microcontroller



As shown in the diagram, the VTM-I1 implements four 8-pin microcontrollers (PIC12C671, see datasheet
in appendix 3) interconnected to a common control/status serial bus to the VRB (via the VIPA J3
connector). Thefollowing islist of the PIC12C671 benefits:

Small 8-pin surface mount microcontroller

6 - configurable 1/0O pins

Four channd ADC

Seep mode which inhibits the internal clock oscillator

The PIC12C671 microcontrollers are generaly in a listening/d eep mode. Control information is passed to
the microcontrollers via an eight bit serial data stream from the VRB and status is passed back on the
same line. The serial bit stream consst of the 3-bit channdl address and a 5-bit command. The
microcontrollers perform the following monitor and control functions per VTM optical channel:

Monitor the optical power of each Finisar Receiver (FRM-8510) .

Monitor the Finisar “signal detect’ statusline.

Reset individual HP G-link devices.

Disable the clock & data buffers to reduce switching noise on an individual G-link device.
Assert one of the G-Link reset lines (SMMRSTO*). This holds the receiver state machine in
state O; inhibiting the output data buffer from switching. This guarantees the output of the
data buffer to be static; however, its state (high or low) will be unknown.
To inhibit the clock buffer the output data buffer, assert Tclksd with Tclk connected to
ground (logic low). The state of the buffer outputs are static but the level is undefined.
Confirmed by Prasad of H.P. Shuting down the power to the device was initialy
recommended by H.P.
Shut down the power to individual sections of the VTM by implementing highside power
switches.

5. Report the status of item 1 & 2 to the VRB upon request.

El N

Finisar Optical Power Monitoring

The Finisar transmitter (FTM-8510) and receiver (FRM-8510) were designed to operate as a pair (full
duplex mode) with the transmitter having a serial command/status port. As a pair, status of the receiver
can also be readout like the transmitter since several of the status signals (including optical power) on the
receiver are connected to the transmitter. The transmitter incorporates an 8-bit ADC and a digital serial
communicaton port for status read out for both devices. This status information includes
transmitter/receiver optical power, calibration numbers, IDs, TX temperature & etc.

When used as a unidirectional device (asin CDF & DO0), the receiver optical power monitoring must be
either diminated (as was the case of the first few VTMs & GRTs) or monitored by implementing an
external device such as the PIC12C671 8-pin microcontroller. This device is ideal for smple
control/status applications where low noise (deep mode disables oscillator) is its major attribute and
speed isits least. The 8-pin microcontroller permits the Finisar analog values (such as the optical power)
to be periodically monitored throughout the life of the SV X project.



Adequate optical power (>-13db) guarantees reliable link operation with a minimum Bit-Error-Rate
(typically <10™). Monitoring the vital functions of the optical system can help determine when it's time
for maintenance and/or device replacement due to optical component aging or infant mortality. Also,
during the final system ingtallation at CDF and its testing, the optical attenuation in al FIB-to-VRB links
can determined by a simple status request to the VTM-I11. Thiswould take all the guess work (& mystery)
out of the integrity of the optical transmitters, receivers, cables, connectors and splitters. For a more
indepth discussion regarding the usage of Finisar's optical transmitters and receivers see the section
“Experience Testing the VTM Prototype”.

The Finisar optical receiver (FRM8510) data sheet specificies a Bit Error Rate (BER) of less than 10
for a pseudorandom bit sequence (10" -1) with atypical BER of less than 10™ when the optical power is
within the range of +2db to -13db. This tranlates to a voltage range on pin 16 (optical power) of the
FRM8510 receiver between ™ 4.52 voltsand ™ 150mv, respectively. This permits the optical power output
pin (16) of the Finisar receiver to be connected directly to the PIC12C671 microcontroller since the
analog levels are within the range of the internal 8-ADC (does not require scaling).

Protocol of VRB/VTM Serial Bus
VRB contral is sent over the same serial line as the response (optical power & other status) from the

VTM. The seria busisterminated to +5v with a 4.7k-ohm resistor. Data transfer rate on this serial busis
approximately 9600 baud with the timing and protocol as shown in figure 2.

I< VRB Command ’l |< VTM Response
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< ~%%40us ——> ~940us ——>
Figure 2.

The signal transitions (figure 2.) initiated by the VRB are shown in red with the blue trangtions initiated
by the VTM while the black portion represents a tri-stated condition. All transitions with arrowheads are
manatory forced levels to indicate the start of a VRB command, the start of a VTM response or a forced
level prior to tri-stated condition. The VRB command word consist of a start pulse, a 3-bit channel
number, and a 5-bit command. Channel O is the optical channel located at the top of the VTM and
channd 3 is at the bottom. The most significant bit of the channe number (ch2) is unused in the VTM.
Table 3 clarifiesthe usage of these three bits:



Ch2 ] Chl] ChO

Optical Channd 0
Optical Channd 1
Optical Channd 2
Optical Channd 3

Table 3.

[elellelie)
R = OO0
= O O

The VTM accepts only one command per VRB command word sent. The least significant bit of the
command word is treated as the highest priority. Therefore, if all bits of the command word are set to a
logic one, then CmdO (read optical power) will by performed by the VTM. The seria bus must beidle for
a minimum duration of 20-bit cycles before sending the next command. The five command bits are
defined in table 4.

Cmd4 | Cmd3 | Cmd2 | Cmd1 | Cmd0 | Command
0 1 Read Optical Power

0 0 0
0 0 0 1 0 Optical Cable Connected
0 0 1 0 0 Disable Channd
0 1 0 0 0 Enable Channd
1 0 0 0 0 Resat Channd
Table 4.

The Read Optical Power command (CmdO) initiates an 8-bit A/D conversion of the analog optical
power output of the Finisar FRM-8510 receiver. This 8-bit ADC value is returned in the VTM response
following the CmdO command. To minimize system bit-error-rates, an ADC value greater than 0x09 (~ -
10db) should be maintained. When the value approaches 0x09, its cause should be investigated and
corrected. Typical values returned for a FIB connected to a VTM via a 2:1 splitter and two 3’ optical
cables with four ST connectorsis approximately OxXX.

The Optical Cable Connected cammand (Cmd1l) returns a VTM Response of 0xO1 if the optical cable
to that channd is connected; otherwise, the value returned is 0x00.

The Disable Channel command (Cmd2) inhibits the clock of the HP G-Link which effectively turns off
the channd. The VTM response returned isb’' 1110 1101'.

The Enable Channel command (Cmd3) enables the G-Link clock and returnsthe value by 1110 1101".
The Reset Channel command (Cmd4) resets the state machine of the HP G-link device to state zero

smilar to the global VTM reset line from the VRB except it is on a per channel rather than a per module
basis. Again, thevaluereturned isty 1110 1101".



Flow Chart of VTM Microcontroller Program
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Flow Chart of VTM Microcontroller Program
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Flow Chart of VTM Microcontroller Program
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Flow Chart of VTM Microcontroller Program
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Flow Chart of VTM Microcontroller Program
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Flow Chart of VTM Microcontroller Program
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Assembly Program Listing of VTM Microcontroller

; TITLE "VIM Optical Power Mnitoring & Glink Control 1/ 29/ 99"
Th| s programis perforns the follow ng for the Finisar(FRM 8510) @the HP (HDMVP-1024)
1. A/D conversion of the optical power of the Finisar device
(connected to pin 7 (ANO) of the 12C671)
2. Signal detect of the Finisar device
(connected to pin 4 <G3> of the 12C671)
3. TCLKSEL to the HP (HDWP-1024) device
(connected to pin 2 <G5> of the 12C671)
SMRSTO* to the HP (HDWP-1024) device
(connected to pin 3 <GP4> of the 12C671)
Single wire serial bus fromthe VRB
(connected to pin 5 <INT> of the 12C671)
I ndi vi dual Channel Hi ghside Power Switch (not inplenented)
(connected to pin 6 <GP1> of the 12C671)

o o bk

The ADis conflgured as foll ows:
Vref = +5V internal.
A/D Gsc. = internal RC
A/ D Channel = CNO

LI ST P=12C671
ERRORLEVEL - 302

i nclude "pl2c671.inc"

LI ST

; P12C671. I NC St andard Header File, Version 1.00 M crochip Technol ogy
LI ST

PIC Chip Register bits

GPO equ H 00

GP1 equ H 01’

GP2 equ H 02’

GP3 equ H 03’

GP4 equ H 04’

GP5 equ H 05

; Del ay Vari abl es

Dyl equ 0x20 ;lnner |1 oop of SMRST* Del ay (20)
dlyl set .20
Dly2 equ 0x21 ;Quter | oop of SMRST* Del ay (255)

1

;Vari abl es and constants for converting the serial bit streamfromthe VRB
;into an 8-bit word containing the channel # and the VIM conmand for that

: channel #.

HdDly equ .14 ;One half the pulse width of the Serial data to
; strip off the header.

; Pul seWdth = (HdDly * 3 + 5)m croseconds.

Dat Dy equ . 30 ;Pulse width of the Serial data from VRB.

; period = (DatDly * 3 + 8)mi croseconds for the

; internal 4Mhz clock with a lusec instruction rate.

; This is approxi mately 9600 baud.

:Vari abl es

Dl yCnt equ 0x22 ;Loop counter for serial bit stream

Adr Cnd equ 0x23 : Contains the conbi ned channe# & command from the VRb
Bi t Cnt equ 0x24 :Bit Count of the bit streamreceived fromthe VRB
Dat Xnt equ 0x25 ;Variable for transmtting serial data to VRB
Channel equ 0x26 : Contains the Channel # received fromthe VRB
Command equ 0x27 : Contains the conmand received fromthe VRB
;Constant s

Ch_Id equ O ; Channnel 1D=(0-3) for this PIC chip and nust be

; programmred for the particular channel # of the VIM

1



ORG 0x00

goto Init
org 0x04
got o Decode Oomrand ;lnterrupt vector to intrepete serial conmand.
sl eep ;
org 0x10
Init
call Init_PicChip
Start
sl eep
goto Start
; First UV eraseabl e devices has follow ng instruction at Ox3ff:
:03FF 3490 retlw 0x90 sn#l
:03FF 348C retlw 0x8C sn#2
:03FF 348C retlw 0x8C sn#3
:03FF 3484 retlw 0x84 sn#4
:03FF 349C retlw 0x9C sn#5
:03FF 3494 retlw 0x94 sn#6
:03FF 3490 retlw 0x90 SN#7
Init_PicChip
bsf STATUS, RPO :Switch to bankl.
clrf | NTCON ;Clear all interrupt enable and flag bits.
clrf PIE1 ;Disable A/D interrupt.
call OxO3FF ;Get the oscillator calibration nunber fromlast program nenory
| ocation.
nmovwf OSCCAL ; Move calibration nunmber to OSCCAL register. Oscillator now
cal bi br at ed.
novl w B' 00001101' ;Sets GPO,GP2 & GP3 to inputs and GP1, GP4 &
nmovwf TRI SI O ; GP5 as outputs (GP3 is an input only)
novl w B' 00000110' Set GP0 to analog input w Vdd as reference
nmovwf ADCON1 ; and GP1, GP2, GP3, GP4,GP5 as digital.
bsf OPTI ON_REG, | NTEDG ; Set GP2 as risi ng edge i nterrupt.
bcf STATUS, RPO :Return to bankO.
novl w B' 11000001" :Selects chO, internal RC oscillator and
novwi  ADCONO ; A/ D operating node.
clrf ADRES ;clr A/Dresult register
bsf GPI O, GP4 ;Set dink signal SMRSTO* to |ogic high (GP4)
bcf GPI O, GP5 ;Set @ink signal TG kSel to logic | ow (GP5)
novl w B' 10010000’ ; Set global and interrupt enable & Flag bits.
nmovwi | NTCON
return

;This interrupt routine interprets the channel # and the command that is read by
; the serial conversion routine (Ser_Conv)

Decode_Conmand ;lnterrupt routine which interprets the serial input
; data stream fromthe VRB.
bcf | NTCON, | NTE ;Disable interrupt on GP2.
novliw 0 ;Load working register w 0
nmovwf Adr Cnd ; Cl ear address/conmmand register
bcf STATUS, C ;Clear carry bit of status register
call Ser Conv :Call routine to read convert serial data.
nmovf Channel , 0 ; Conpare Channel # received from VRB w
sublw Ch_Id ; VIMs Ch_ld. If equal then respond to
bt fss STATUS, Z : the command, else this channel is not
goto CndEnd ; selected, clear interrupts and return.
Call TakeBus ;Assert logic one on GP2 to take control

; of the serial bus.
Commands
bt f sc Command, O : Check zero'th bit of Command



call Convert_AD ; Measure the optical power of Finisar device

bt f sc Command, O ; Agai n, Check zero'th bit of Command and skip
goto CndEnd ; remaining command checks if set.
bt f sc Command, 1 :Check first bit of Conmmand
call SigDet ; Check and send status of signal detect line.
bt f sc Command, 1 ; Again, Check first bit of Command and skip
goto CndEnd ; remmining command checks if set.
bt f sc Command, 2 : Check second bit of Command
call dklnh ;Inhibit Glink clock by switching to TL_C ock
bt f sc Command, 2 ; Agai n, Check second bit of Command and skip
goto CndEnd ; remmining command checks if set.
bt f sc Command, 3 :Check third bit of Command
call C KkEn :Enable Glink internal clock
bt f sc Command, 3 ; Again, Check third bit of Command and skip
goto CndEnd ; remaining command checks if set.
bt f sc Command, 4 : Check fourth bit of Command
call Rst Chn :Reset HP G |link device
goto CndEnd ; Skip Bus Idl e phase.
CndEnd
; bsf GPlI O GP2 ;Set SerialBus to a | ogic one before rel easi ng bus
bsf STATUS, RPO :Switch to bank 1
bsf TRI SI O, GP2 Tri-state GP2
bcf STATUS, RPO :Switch back to bank O
Call Busldle :Wait for serial bus to becone idle
bcf | NTCON, | NTF ;Clear GP2 interrupt flag
bsf | NTCON, | NTE ; Enabl e GP2 interrupt
Ret Sl eep
retfie ;Return frominterrupt

1

;This routine reads the serial data on the GP2 pin at a 64usec per bit rate
;and converts the streamto an eight bit data word into the variabl e Adr Cnd.
:The format of the variable AdrCnd is as foll ows:

;1 71615]4]13]2]1]0|
*| - Ch#- | - Cormand- |

;Thi s variable is then seperated into the two variabl es Cannel and Conmand.
Ser Conv ;

nmovl w 8 ;Set bit count loop index to 8

novwf Bit Cnt

novl w HdDl y ;Set bit delay to strip off

novwf DI yCnt : the header bit

Cal | Del ay

nop ;Kill time to align first bit to 100us boundary
StripBits

novl w Dat Dl y ;Set data bit delay to strip bits

novwf DI yCnt : fromthe data stream on GP2

Cal | Del ay

bt fsc GPI O GP2 ;Bit test GP2 input; if zero, skip next instr

bsf STATUS, C ; Set carry bit of status register

rif AdrCmd, 1 ; Rotate AdrCnd | eft by one bit through carry.

decfsz BitCnt, 1 ;Decrenent BitCnt |oop; if zero, skip next instr

goto StripBits ;Loop back to get next bit.

novf Adr Cnd, O ; Move contents of AdrCnd to the working register

andl w B' 11100000' ; strip off the command portion of the byte

novwf Channel ; move the contents of the working register to

swapf Channel, 1 ; variable Channel and right justify the channel

rrf Channel, 1 : nunber in the variable

novf Adr Cnd, O ; Move again contents of AdrCnd to the working

andlw B' 00011111" ; register and mask of f the channel portion of

movwf Command ; the byte and nove the contents to Command

return



; The M crochip device that matched the channel # with its ID#, waits for two data
; cycles before sending a start header to the VRB by assertig a logic
: zero on the serial data bus.

TakeBus
bsf GPIO GP2 ;Set Serial Bus to a |ogic one
bsf STATUS, RPO :Switch to bank 1
bcf TRI SI O GP2 ; Set GP2 out put enable
bcf STATUS, RPO :Switch back to Bank O
novl w Dat Dl y ;Wait data bit del ay
novwf DI yCnt . fromthe data stream on GP2
Cal | Del ay
novl w Dat Dl y ;Set data bit delay to strip bits
novwf DI yCnt . fromthe data stream on GP2
Cal | Del ay
return . of the serial bus.

This routine waits for the serial bus to become idle before re-enabling
interrupts. The serial bus idle is defined as 10 consecutive |logic | ow

| evel s on the bus. This avoids the problemw th several PIC chips responding
to the response of the correct PIC chip sending data to the VRB.

5 BRI

usl dl e
nmovl w . 10 :Set bit count to 10
movwf Bit Cnt
Cntldle
novl w Dat Dl y ;Wait data bit del ay
novwf DI yCnt
Cal | Del ay
bt fsc GPI O GP2 ; Test serial bus for a logic | ow
goto Busldle . If low then decrenent BitCnt and
decfsz BitCnt, 1 ; test for 10 consecutive logic | ow
goto Cntldle : level; if 10 lows then return otherw se
return ; go back and try again.

; This routine performs an A/ D conversion of Finisar's Receiver Optical
; power output on the VIMtransistion nodul e.

Convert _AD ;Performs an A/D conversion of the optical power
novl w 3 ; Software delay of 10uS for the a/d setup.
novwf DI yCnt ; At 4Whz clock, the |oop takes 3uS, w Del ay
call Del ay ; set at 3 gives about 9us plus the nove, etc.

; results in a total of >10us
bsf ADCONO, GO :Start ADC conversion

Tst Done
bt f sc ADCONO, NOT_DONE ;1s A/D conversion conpl ete?
goto Tst Done ; No, go back and check again
nmovf ADRES, W ; Yes, get al/d value
nmovwf Dat Xnt :Store the ADC result in vari abl e Dat Xnt
call Xnt_Seri al :Transmit ADC result to the VRB.
return

; This routine reads the signal detect |level fromthe Finisar optical receiver
;and store the logic level into variable Sig Det.

Si gDet
clrf Dat Xnt ; Clear variabl e before checking input pin
bsf Dat Xnt, O ; Finisar signal detect is active low (then set bit)
bt fsc GPI O GP3 ; Test signal detect input pin. If set then
bcf Dat Xnt, O ; clear Sig Det bitO
call Xnt_Seri al ; Transmit the siganl detect status to VRB

return ireturn



; This routine selects the TCLKSEL of the HP G link device by setting a | ogic one
;the GP5 output pin.

Cl kIl nh
bsf GPlI O GP5 ;Set GP5 to a logic one disabling internal
nmovl w OxED ; Send sonething "ED' to VRB as a handshake
nmovwf Dat Xnt ;
call Xnt_Seri al ; Now send it
return ; clock of G Link (selects T-clock)

Cl KEn
bcf GPI O GP5 ;Clears GP5 to a logic zero which enabl es
nmovl w OxED ; Send sonething "ED' to VRB as a handshake
nmovwf Dat Xnt ;
call Xnt_Seri al ; Now send it
return : the internal clock of the HP G Iink

;Thi s routine performs a single-channel HP G link reset by pulsing the SMRSTO*
connected to GP4 to a logic |ow for approxi mately 10us.

1

Rst Chn
nmovl w OxED ; Send sonething "ED' to VRB as a handshake
nmovwf Dat Xnt ;
call Xnt_Seri al ; Now send it
bcf GPI O, GP4 ; Set GP4 (SMRSTO*) to a logic |ow
novl w 20 ;Start pulse width of approximately 16mllisec
nmovwi Dyl ; by setting outer |oop of pulse width to 20 and
SrtPls
novl w . 255 ; Set outer loop of pulse width to 255 (766us)
novwf DI yCnt ; giving approx. 16ns
call Del ay
decfsz Diyl, 1 ; skip next instr if zero.
goto SrtPls ;
bsf GPI O, GP4 ; End Pul se by Setting GP4 (SMRSTO*) to a | ogic high.
return

;This routine is a software delay of XuS for the a/d setup.
; At 4Mhz clock, the loop takes 3uS,initializing DyCnt with

;a value of 3 gives 9uS, plus the nobve & etc results in
ra total tinme of > 10uS.

Del ay
decfsz DiyCnt, 1
got o Del ay
return

;This routine transmts an eight bit word w a start bit on the GP2 serial port.
Xnt _Seri al ;

nmovl w 8 ;Set bit count loop index to 7
movwf Bi t Cnt
novl w Dat Dl y ;Set bit delay to send the header bit
novwf DI yCnt
bcf GPI O GP2 ; Send header (logic |low for VIM header)
Cal | Del ay ; Header pul se wi dth del ay
nop
SendBits
novl w Dat Dl y ;Set bit delay for the eight bit data stream
novwf DI yCnt ;
bt fsc Dat Xnt, 7 ;1f data bit(BitCnt) in variable DatXnmt =1
bsf GPlI O GP2 ; then set GP2 serial port to a |logic one.
bt fss Dat Xnt, 7 ;1f data bit(BitCnt) in variable DatXnmt = 0
bcf GPI O GP2 ; then set GP2 serial port to a |logic zero.
rif DatXm, 1 ; Rotate Dat Xnt |eft by one bit

Cal | Del ay ;Pul se width delay for dat stream



decfsz BitCnt, 1 ;Decrenent BitCnt |oop; if zero, skip next instr

goto SendBits ;Loop back to send next bit.

bsf GPlI O GP2 ;Force the serial bus to a |ogic one before
return ; releasing the bus.

org Ox3FF

retlw O0x90

END

Experience Testing the VTM Prototype

The prototype VTMs (items 2 & 3 listed above) had significant design changes over the original GRT
regarding the power/ground planes, signal routing, power filtering and low power signal buffering. The
power/ground planes were designed to isolate the sensitive low level optical circuitry from the potentially
noisey TTL circuitry within a particular channd as well as channel-to-channel isolation. Induced noise on
the power planes were isolated by implementing Pi filters with ferrite beads on each section of each
channd. Also, the power to G-Link device was divided into to three sections (+5v highspeed, +5v core &
+5v driver) with seperate pi filters. The buffered signals to the VIPA J-3 connector from each optical
channd was routed in individual sections (not intermixed) and isolated between ground planes (strip line)
with a 56-ohm characteristic impedance. The back terminating series resistors on the output of the data
buffers were not installed (jumpered across) since the low current buffer limits the current into the
microstrip data line. The low current buffers (4ma) were chosen to drive the 20-bit paralld data to the
VRB viathe J-3 connector rather than highspeed high current buffers to minimize noise induced into the
power and ground planes. All of these changes were implemented to reduce noise and cross-talk; and
inturn, reduce the bit error rate of the device. Some of these changes may have been an overkill but the
results from theinitial tests of al channds show a drastic improvement over the original GRT.

GSTM Finisar Serial 1.5-Gb Optical Link VTM VRB
Test Setup =1
1:2
1:2 Spli
Splitter | % = [l [l
c ]
Connectors:.  5X .5db= -2.5db = ]
LiteCom Splitter = - 3.6db
Netoptics Splitter = - 5.0db
Expected Total = -11.1db(Measured Ch1/Ch2 =-13db/-15db)
Figure3

Figure 3 shows a block diagram of the VTM test setup which has one optical channd of a Generad
System Test Module (GSTM) split into four channels at input of the VTM via a two levels of optical
splitters (1 x 2 split each ). This permits identical data to be sent to all four channels of the VRB to verify
whether errors are occurring at the transmitter (same error on all channels) or the receiver (errors only on
one channd). The splitters aso increases the data rate by a factor of four; thereby, decreasing the test
time to acquire a resonable error rate. Based on a rough calculation of the optical power (shown in
figure 2), the attenuation was within the limits of the Finisar receiver specification (<13db).

After assembly of several VTM prototypes, preliminary tests indicated a frustratingly low level of errors
were occurring on each of the assembled modules. Some of the modules appeared (but only appeared)



have alower error rate than others. During this trouble shooting phase of the VTM it became clear that
long term testing (and patience) was necessary to acquire a statistical error basdline. Several ideas were
attempted (without success) but the bit error rate of about 8.7 X 10 plague the VTM project. This
resulted in about 3.5 errors per day on four Finisar optical channel based approximatey 50-Gbytes of
data transferred per day. Once a long term baseline error rate was accumulated several suspected
problems were ruled out and an understanding of the VTM problem begin to surface; the loss optical
power at the input to Finisar recelver.

The rough calculation of optical attenuation in the system fooled everyone to believe that there was
adequate optical power and it could not be a factor in the bit error rate of the VTM test syssem.  An
oscilloscope connected to pin 16 of the Finisar recelver device (FRM-8510) was used to measure the
received optical power and proved otherwise.

Channd 1
Attenuator Actud Optical Power
Setting Attenuation (pin 16)
Odb -3db 1.43V
-5db -8db 500mv
-7db -10db 350mv
-10db -13db 148mv
-12db -15db 98mv
Channdl 2
Attenuator Actud Optical Power
Setting Attenuation (pin 16)
Odb -3db 1.56V
-5db -8db 570mv
-7db -10db 294mv
-10db -13db 152mv
-12db -15db 98mv
Channd 3
Attenuator Actud Optical Power
Setting Attenuation (pin 16)
Odb -3db 1.42V
-5db -8db 432mv
-7db -10db 298mv
-10db -13db 154mv
-12db -15db 102mv

The measurements of the Finisar recelver were calibrated with an optical attenuator (Photodyne 1950XR)
confirmed the optical power was much less than originally expected (as shown in figure 2, measured
values). The above chart show the results of three of the four channels on the VTM (sn 5) with the
Photodyne optical attenuator between it and the GSTM output:



Once the optical power pin (16) on the Finisar receiver was understood, the optical splitters were also
calibrated and reconnected (as shown is figure 2) to the VTM to minimize attenuation among the four
channel as shown below:

Channd | Optical Power
Number (pin 16)

0 161mv
1 148mv
2 146mv
3 174mv

After careful interconnection an optical attenuation of approximatey -13db or better was achieved on all
channels of the VTM. Knowing that this marginally (at best) met Finisar’s specification, long term test
proceeded. Over a period of several weeks (including a software revision to increase the transfer rate to
approximately 70 Gbytes per day) the bit-error-rate improved by approximately a factor of ten. The
rearrangement of the optical splitters (reduced attenuation) reduced the bit-error-rate to approximately
5.1x 10*or 1 error per 3.5 days.

On November 17, 1997 the split of 1 to 4 optical fibers implementing several two channel splitters were
replaced with a single four channe device (AMP # 95013-8)as shown in figure 3. The attenuation of this
1 to 4 splitter was measured with ST connectors to be less

GSTM Finisar Serial 1.5-Gb OptlcaJ Link VTM, VRB
Test Setup =] ]

14
Splitter =] [l

= |

=]

]
Connectors:.  2X .5db= -1.0db = ]
AMP (95013-8) Splitter = - 7.5db
Expected Total = - 8.5db

(Measured Ch1/Ch2 = -8db/-9db)

Figure4

than 8db. Results from a long term test are unknown as of this writing but based on the following
measured values of the optical power on pin (16) of the Finisar receivers the bit-error-rate is expected to
be significantly lower. The worst case value of 376mv trandates to an attenuation less than -8db.
However, to verify the effect of greater optical power will require approximately about week of
continuous running without errors to accomplish a bit-error-rate of 1 x 10™* and aimost 2 1/2 months for
1x 10,



Channd Optical Power
Number (pin 16)

0 566mv

1 376mv

2 392mv

3 434mv

Conclusion: the excessive optical attenutation turned out to be the single most important cause of the
VTM dataerrorsand its measurement should be incorporated into the next revision.

History of Finisar Optical Transition M odule For Data Input to VRB:

The following recaps the history of the four versions of this module that exist today:

1.

The first prototype verson was designed at University of Chicago using the ECL G-Link (HP
part# HDMP-1014) called a G-Link Readout Transistion Module(GRT). This verson was
discontinued when HP introduced a TTL version of the G-Link Chip.

The second version implemented Finisar’s plugin daughter cards, aso containing a ECL G-Link
caled a VRB Test Module. This was an interim design to be used until the TTL G-Link version
was compl ete.

The third verson was designed at Fermilab using the TTL G-Link (part# HDMP-1024) called a
VRB Transition Module (VTM). Replaced item 1. Cost ™ $40/channel additional.

The fourth version was designed at University of Chicago using the TTL G-Link (part# HDMP-
1024). Also replaced item 1. Cost ™ $40/channe additional.

VTM-II (a fifth verson) is now under development at Fermilab which incorporates severdl
monitor and control functions. The VTM-II based design is similar to version 3 with the exception
of enhancements.



FTM/FRM-8510
Low Cost, Gigabit

Finisar

Fiber Optic Transmitter/Receiver

FTM-8510-1

FRM-B510-2

[ M e thie BS0 nem gigabet ransmitber and receiver modules for mulb:
miode data links of less Ban 1 Em in lengtic for long destance links,
1300 i and 1550 nm singhe-mode modules ane also available in
the same package with the same pin-out,
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N VIEY s
-'d Y Jiu

A ARAA

Y -.a.. o ik .l
O ———

1.0 Ghis

2.0 Ghls

Recenver eye patterns from a typical FTMFRM-8210 link transmitting a
21 pecudarandom bt sequence.

Mso availabla:

FTR-8510 integrated tramsceiver module

[t F1M-8510 optical transimitter and FRM-8510 optical receier
are twoo of Finsar's new second generation data link modubes.
Thery are excellent Building Brocks Far baghly reliable data links at
rates up ta 1.5 Ghfs, They are designed for LAM applications
where data liks are ustally less than g kilometes m length, For
lcnger distance bnks, Finisar offers 1300nm and 15%0nm single-
it mcelules with the same packane snd pir-out. An integrated
transcaiver module & also availzble. These second genaration
Finisar fiber optic links & featune

+ High spead - 100 Mo's to 15 Gole

+ Low Cost

+ Wery clean and open eye patterns

+ Wary low jitter = less than 40 = )
+ Low bit error rate - typcally less than 10 -
Low power = < 3.9WWatt total for TxoBx
Single +5\de power supply

Built-in test and diagnostics

Optional ANSI open fiber control bulit-in
SC or 5T optical connectors

Class | laser device

Power saving standby mode

Tha FTM-8510 accepts as its data input virtually any diffarential
signal (ECL or PECL) that is > 0.4 B-P The module is A
couplesd and terminatesd ot 500E The data owtput signal is
differential, typicaily 0LEY PP

& unigue control and test system s budlt into 2l Finsar optical
lirk ervduless, This systern provides real-tme contred of the
optical link & well & status reporting and disgnostics. This
comirod system bas o unigue inberisos that cnables the user 1o
contmuously manitor the status and optical parformance of the
link. Mex aptical test equipment s ceguired o measore e
transmitted and received optical power. The test eguipment is
built in,

[ Built-in controlifest system has a serial communications
port that continuously provides the host system with nk status
Il rrsateon, optical power levels, drlve clarrent, bias voltage, and
trarsmittes temperature. Thus, the host system is able to continuslly
ciagnese optical link profies, even while the dnk s transmitting
data. Firntsar supplies, at no additional charge, the source code
fin ARSI standard ) that enaliles the user fo operate this buili-in
test and diagnostic system,

Fmisar modules hawe a low power standby mode that enables. the
hast systerm o be put in 8 power conserving standiy state,
Whan the receiver raceives a light pulse, it sgnals tha host to

P L.
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N Finisar
FTM/FRM-8510 Low Cost Gigabit i
Optical Transmitter/Receiver

Pin-out and specifications

Thee FOB-1011 Evaluation Board

is supplied with the trarsmetter and receiver module mounted m a
sackat, a software disk, ard a 620 cabla, The board only recuires
+Nde amd ground. You supply the dflerential sgnal throwgh
SMA coax cornectors You may displig the oulpul of the built-in
test and monitoring system by connecting the FO8-1017 to s BC
parallel port

Part numbers

Iraramitier modide (B30 nm)
Recerver module [85%) nm)
Tramsceiver module (830 nm)
Transceiver evalisation hoard
sll'l'llﬂf:'i! ayvaluaticn board

FTM-BET0-X-Y- L
FRM-BR10-X
FTR-8210-K-¥-2
FOB-1010-B510-X-¥-7
FOB-1011-8210-X-¥-Z
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dochata rabe for ORC [1=1.06 Ghis and 537 Mols, 2-255 M)

i by WL [
14 | - e G0 ] e a5 dY - ELYLRRT) FVENY Bl 1.4 s
- P ] - l——. M 4. T
) _
16 Eal) | T— * LED I|:\.-||]
B [BAT] — 1 16K |25 4]
Pl
@ el
] " Tl |2 2] -+
17 | e L [ R b [ T8 1 H
SIE WM -1
=0 TS 3 GA] Ko TR ] [P
I|' rl- |
1|_'|! —_— e ‘___[ e e e B
ELr ] 3 1AED |58 L] L_
3305 | 20H]
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U eackarn

Low Cost Gigabit Rate
Transmit/Receive Chip Set with
TTL I/0s

Technical Data

Features

* Virtual Ribbon Cable
Replacement

* On-Chip Encode [ Decode

* On-Chip State Machine for
Fully Automatic Link
Management

* (n-Chip Tx/Bx PLL Provides
Frame Symchronization

* High Speed Serial Rate
L5 D 50W M 1k
{ User Selecahle)

* Standdard TTL Interface
B, 17, 200, or 21 Bits Wide

* Implemented in a Low Cost
Aluminum M-Quad 80
Package

Applications

* Backplane Serialization/
Bus Extender

* Video. Image Acquisition

* Point to Point Data Links

* Implement SCI-FI Standard

* Implement Serial HIPPI
Specification

Description

The HIMEP-1022 tramsmitter and
the TIOAIP- 1022 receiver are wserl
1 bailed & high-speed data link For
[T R - SOOI carion.
The menelichic silicon hipokar
transmitter chip and receiver ¢hip
arg each provided in a standard
alyerminmem M-Chud 80 packape.

Fromm the wser's viewpoint, these
prrndduets ean he thought of as
prowiding a “virtel nbbhon cable”™
wnterfivee for the transmission of
rlata. Parallel data {a framse)
Lrsackesd inter the Tx (transmiter)
chip is delivered to the Bx
{receiver) chip over a serial
channel, which an be either a
coaxial coppser calbile or apdicoal
link, and is reconstneeted inon is
ceriginil parallel form.

Tha ehip g6t hides from the user
all the complexiy of encoding,
maeltiplexing, elock extraction,
rlemmnliiplexing and decoding,
Unlike other links, the phase-
lncked-loop clock extraction
cirenit alsn rransparenely provides
for frame syochroniation-the
iser is nod troaekler] wich (e
preriolic insermion of Tme syn-
chronization words, In addition,
e [0 Balance of the line code is
antomatically maintained by the
chip sel. Thus, the user can
tranesmin arbitrary data wilkiom
restriction. The Hx chip also
inelides & seate-nuiehine con-
trosller (MO that provides a
stariip hanidshake prodoced for
e duplex link configuraiion.

The serial data rare of the Tx/Hx
link i selectable in four ranges
(s Lables on page 5, aml
extends froam 2D Mbils's up tn
125 Gilkitss. This translales inin
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HDMP-1022 Transmitter
HDMP-1024 Receiver

an encncied serial race of 150- 1500
MBand, The parallel data interface
i 16 o 20 bit TTL, pin seleciable. A
flag bit is available and can be wsed
as an exira 17th or 215t bin wncder
thie wser’s control. The Mag bt can
absor b nsed as an oven or old
frame indicator for dwal-frame
tranesmission. I not osed, thee link
prerformns expanded ereor detection.

The serial link 5 synchronons, and
beoth Trame symchronization and i
synichronization are matntained.
When dats is nod available o send,
the link maintains synchronization
by transmitting fill frames. Twio
(trainming ) Al frames are reservd
for hamlshaking during link starip.

VUser contmol space s also sup-
peartd, 10 Control Awailable (CAV) s
asserter al the Tx clup, the beas
sigenibficant 14 or 18 birs of the data
are send andd the Rx Congrol
Availabbe {CAYY line will indicate
the dala as a Controd Wird.
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Figure 5. HOMP 1024 Beeeiver Block Diagram.

HDMP-1024 Ex Block
Diagram

Thar M- LOE24 receiver wias
tesigned 10 convern. a serial daia
signal sent froan the HODMP-1022
into pither 16,17, 20, or 21 hit
wirle parallel dala. In doing this, i
performs the fnetions of

* Clowck Recovery

= Dala Recovery

= Diemudriplexing

= Frame Decoding

= Frame Synehronizaiion

* Frame Error Detection

= Link State Control

Input Select

The inpaet select ock determines
witich inpt line s used. In
nonmal operation (LEGPEN ={1],
DIN 5 accepied as the inpar
signal. For improved distance aond
BER nsing coax cable, an inpal
crpuslizer may be nsisd hy
assrriing EQEN. By seiting

LOOPEN high, the receiver
accepis LIN as the inpan. signal.
This featre allows for loop back
testing exchsive of the
transmission medin.

Phase/Freguency Detect

This hlnck comperes either thae
prhase or the freguency of the
ineoming signal o the mnternal
serial Clock generated rom the
Closek Select ok, The frequeency
depert disable pin (FDIS) is 5o
high to disabile the frequency
detertor and enable the phise
teteror. See FDMP-10249 (Tix)
Plinse Lovked Loop for morne
lerails, The ouipuid of this Block,
PHL, is nsed by the flfer to
determing the conirol signal for
th WA

Filter

This i a loop fler that accepis
the PH owipan froan ibee Phasey
Frequency Deiecior and convens
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it intg & control sipnal for the
VICOL This conimol signal tells {he
VOO whedher to inceease or
deerease iis frequency. The Filber
wses e PEL inpani. to debenmine a
proportional sigeal amd an
infegral signal. The proporional
signal determines whether the
VOO shionldd inerease or decrense
its frequency. The inlegral signal
filters ol the high frequency PHE
signal and stores a historieal PHI
cani e level, The two signals
coahingsd detemming the magni-
inle of frequeency change of the
LiLE e

VO

This is the Voliage Controlled
Oseillator that is cominolled by the
cartpaug of the Filver. It ongpids a
high speed digital signal 1o the
Clock Select.



Clock Select

The Click Selet acceprs the high
sped digital sipnal foom the VOO
anrl omepeds an internal high
spead seril elock. The VOO
frequeeney is dividerd, Based on the
[H LMV inpands, fo Ehe impar
signal’s fregqueency range. The
Clock Select ongput is an internal
serial clock. It s phase anid
Mrequeeney locked to the inenming
sigral. This intemal senal clock is
el byt Tnput Samipler bo
sample the dara. 1eis also ased by
the Clock Generator o generais
ihe recovered frame rate clock,

Biv serting TOLKSEL high, thue
e may g an external serial
cloek at TCLK. The Cloek Selee
aeepils this signal and direcily
audpants it as the internal serial
ok, TCLKSEL s it
charsciorizerl.

Clock Generator

The Clock Generavor aeeepis the
serial clock generated from the
Cloek Select amd generaies the
frame rate clock, hased on the
seiting of M205EL. IT M2OSEL is
asseried, the ineoming encoded
data frame s oxpected to be 24
hits wichis {200 data bits and 4
control hits) In ihis case the
masteT tramsiticn in the contenl
sectinn of encoded data stream is
expesrted every 24 hits, and nsed
10 eOSITe proper rame syn-
chromization of the g frame
ok, STREBOVIT.

Input Sampler

The serial inpae signal is con-

virted imnto a serial hit stream,
nsing the extracted internal serial
clock from the Cloek Select, This
ot is sene to e Trame
emnx.

Frame Demux

The Frame Demnx demdiiplexes
thi serial bit stresm from e
Tmpant. Savmprler into a 20000 24 bit
wiitle parallel data word. hased on
thie setring of M205EL. The mosi
sigrnifieant 4 hirs are sene oo e
C-Field Dhsroider, while the
rernaining 16 or 20 hits are sen
o the D-Field Deeoder.

C-Field Decoder

Thae C-Field Decoder accepts the

comirel infomuation from the
Frame Demux amd derermines
wiiadl kindd of frame is heing
received and whelther or nol it has
to b inverted, The conirnd hiis
are sent to the State Machine for
error checking, Thi: diecoded
information s seni o the D-Fiekd
Dhecodder. CAY® @5 s low i the
incoming frame is control daea.
Wheen CAV® is low, thee siane of
DANV* is “cdon't care”™. DAV* is sed
Lovwe o the imBormation is data. If
neither DAY nor CAV® is set low,
then the incoming franwe is
expected vo be a 0l framae, 17
FLAGSEL is sssented, the FLAG
kit 1= restored to s original form,
If FLAGSEL 15 nine asseried, FLAG
5 nsedl b differeniiaie hemween
the even and odd frames in
Diosbsle Frame Mode. For more
informeation absm this, refer oo
Dhriahile Freesnee Morle .
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D-Field Decoder

Thar D-Fiedd Dieolor sceepes the
rlata fiedd of the incoming dats
frame from the Frame Demi.
Based on information from thae C-
Field Decoder, which determines
wiid fvps: of data is being
recieived, the D-Field Docnder
restores the paralle] data hack o
s original fnrm.

State Machine

The State Machine is nsed in full
rhaplex mnide to perform the
functions of link startup, link
maintenance, and ercor checking.
By setting the SMESTO* and
SMESTI* low, tho nser can resed
thir state machine and initie link
startup. SMESTL® is vsnally
comneeted o the transminter’s
LOCEED outpne. STATI amd
STATH denode the curvent. state of
link duoring stamap. ACTIVE is an
inguu normually driven By the
STATI omtput. This ACTIVE inpar
B retimed by STRBOUT and
prresented Lo the user as
LINKRDY*®. LINKRIW* is an
actier low outpur thal indicates
wheen the link is ready to fransmit
flata. Refer to The State Macline
Handstiake Provdocol section on
prage 30 for maore derails.
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3-Pin, 8-Bit CK OS5 Microcontroller with A /I Corwverter
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= Operaingspesdt OC - 10MHZ clock Inpod « Low pouer, high speed CHOS EF DM
OC-1 & Insruction ke Eehnokbgy

Delce ERROM F o = Rily<hik: deslon

P08, | o w14 [RETES * Wdde cper Ing wikige ran ge:

PICToCET 2 045 7 14 128 18 - BN MECAliE 5 Y00 50

-nadusrlal 258 0 S5
- Edlended 458 10550

« Lo pouer consumpdon
-~ E2mMA TSN ANHzZ

= 140l wde s fuctons

= &bilwlde dak pah
« Nieruplcapabliiy

. 5pE¢H| uncion hﬂl'd'.“rE‘rE‘gl‘S-'E“ﬁ- -15 I"“' le Wi¥ 2 EHz
« BgiHeE] deep harduare <hek -2 1 wh fypical shndbycurrent
o Drect Indrectandrelad e addressing modes tor
da t and s Tucaons it Dt
= n¥rnal 4 MHz cscllakor wHh progammad e POIR S0
callbra 1on
. 5 by a Ly
Selchble clohou 1 I 28 1B £l
« Nyl sefal progammng arDegEpy BE 0 amem
- d-channel &b an alog-do-dighal sonierer o IO 3 R
L= -
Perlpheral Features: e

« Ebitreal Ime dosh kounter TMAD] wh &b
pr oo M Mable presia ler

« Pougr-0n Resel [POR)

« Pouer-upTmer [PYWRAT]and Osellaior S hrip
TImer [0S0

« Lhichdog T er JADT] wih [ oun on-¢hip AC
ol or brrallable opefa 1on

= Program mable code-protecion

» Pouer saung s LEER mode

» N¥rmpion pin change [GRO, GPY, GRS

» nernal pul-ups on 10 pins (GRO, GRY, GR3)

Appendix 3



